ABSTRACT HEDRICK, L. R. (Illinois Institute of Technology, Chicago), AND C. J. FEREN. Effect of cations upon hydrophobicity of yeasts grown in amino acid media. J. Bacteriol. 86:1288Bacteriol. 86: -1294Bacteriol. 86: . 1963.-Cells of four species of Hansenula, namely, H. holstii Y2154, H. subpelliculosa Y1683 and Y1542, and H. anomala Y365, were cultured for 3 days in a glucose-salts medium with one amino acid or (NH4)2S04 as a nitrogen source.
The L-amino acids used were glutamic acid, valine, proline, lysine, histidine, phenylalanine, tyrosine, and tryptophan. After growth, the cells were washed three times and added to small tubes which contained varying concentrations of chlorides of the cations Cs+, K+, Na+, and Al 1. The concentration of salt in ionic strength required for sedimenting yeast cells to form a fixed pellet represents an index of hydrophobicity of the cells, i.e., the smaller the ionic strength, the greater the hydrophobicity. All species grown in (NH4)2S04 had a high degree of hydrophobicity. Cells of H. holstii and H. subpelliculosa Y1683 were very hydrophilic when cultured in the three aromatic amino acids as a nitrogen source and in proline as a carbon and a nitrogen source; cells of the latter species were much more hydrophobic if grown with proline as a nitrogen source. Cells of H. holstii cultured in r-glutamic acid as a nitrogen source were much more hydrophobic than those grown in proline as either a nitrogen or a carbon source. Cells of all species grown in L-lysine were more hydrophobic than cells cultured in the other amino acids tested. H. subpelliculosa Y1542 cells were somewhat more hydrophilic than those of H. anomala Y365, but both were much more hydrophobic than the other two yeasts studied. The concentration of cations required to detect an identical degree of hydrophobicity of cells decreased in the order Cs, Li, K, Na, and Al. This order corresponds to the compressibility method for estimating the water of hydration of the cations.
The formation of different types of sedimentation patterns on the bottom of Pyrex test tubes by live yeast and bacterial cells under the influence of cations was reported by Hedrick (1956) and Chesbro and Hedrick (1957) . Hedrick (1960) made an extensive study of the sedimentation patterns of several species of Hansenula yeasts in dilute sodium chloride solutions. In salt concentrations which varied from 15 to 4000 ,ug/ml, three principal types of sedimentation patterns were formed: flowing pellets, fixed pellets, and shields. Flowing pellets were formed by cells with the least hydrophobic nature, and shields were formed by cells which were most hydrophobic. An increase in salt concentration caused cells which formed flowing pellets in a more dilute saline to form fixed pellets. In stronger saline, cells of this type formed shields.
The present report is the result of a study of the influence of a series of cations upon sedimentation patterns, and in particular an attempt to determine whether some relationship exists between the degree of hydration of the ions and the sedimentation patterns. Another aspect of the study was to employ the sedimentation pattern technique in the detection of hydrophobicity of cells cultivated in media of different compositions. Added to the media were single amino acids or (NH4)2S04 as a nitrogen source or proline as both a nitrogen and a carbon source.
tion Branch of the U.S. Department of Agriculture. The identity of the cultures was confirmed by use of the methods of Wickerham (1951) . The stock cultures were transferred once a month upon YM slants. YM medium had the following composition (in g per liter): glucose, 10; peptone, 5; yeast extract, 3; malt extract, 3; and agar, 20. Prior to growth in the experimental media, fresh cultures were grown for 24 to 48 hr on YM slants.
Cells used for the experiments were grown for 24 to 72 hr at 28 C in 100 ml of liquid medium in a 250-ml Erlenmeyer flask on a rotary shaker which operated at 200 rev/min. The liquid saltsvitamin medium was that of Wickerham (1946) to which a single amino acid or ammonium sulfate was added as a nitrogen source. For some experiments, cells were grown in a phosphate-deficient medium, a medium in which the known phosphate salts concentration was reduced 100 times (from 800 to 8 mg per liter). The nitrogen concentration, either as amino acid or as ammonium sulfate, was 0.1 g of N per liter. The carbon source was glucose, (1 g per liter), except in the experiments where proline was both nitrogen and carbon source. In these circumstances, the proline concentration was 1.5 g per liter.
Amino acids used as a nitrogen source were L-glutamic acid, L-lysine, L-phenylalanine, Lproline, L-tryptophan, L-tyrosine, and L-valine. Of these, only proline would serve as a carbon source for the yeasts when incubated on a shaker at 28 C for 72 hr. The amino acids (supplied by Calbiochem) were homogeneous when tested by paper chromatography. The media were sterilized by autoclaving for 15 min at 121 C.
The experimental salt solutions were chlorides of the cations cesium, lithium, potassium, sodium, and aluminum. All salts were Baker-analyzed reagent grade. These salts were dissolved in distilled water which had been deionized and contained less than 0.5 ppm of dissolved salts as sodium chloride, as measured by a Barnstad purity meter (model PM-3). To obtain solutions with similar ionic strengths, 0.241 g of aluminum chloride and 0.8 g of the other salts were dissolved in deionized water and adjusted to a volume of 200 ml in a volumetric flask.
As all of these salt ions except aluminum have a charge of one, the concentration in ,moles/ml is equivalent to ionic strength times 10-6. For aluminum, the ionic strength times 10-6 is four times the concentration in ,umoles/ml. This calculation is based upon the evidence presented by Sisler, van der Werf, and Davidson (1949) that the resulting aluminum ion after solution of AlCl8 in water is Al(H20)50H+ with the loss of a proton. After growth in the experimental media, the cells were removed from the supernatant fluid by centrifugation and washed three times in distilled water with the aid of a centrifuge. The washed cells were suspended in deionized water so that the optical density of the suspension was 1.5 at a wavelength of 620 m,u, as measured in a model 14 Coleman spectrophotometer. This optical density corresponded to 1.3 X 101 to 3.9 X 101 cells per ml, as measured by a direct count with a hemocytometer.
Serial dilutions of salt solutions were made to give a total of nine concentrations which ranged from 4000 to 16 ,ug/ml. The pH of the solutions varied from 6.4 to 7.9 in a random fashion, so a pH adjustment was not made. The addition of acid or base would alter the ionic strength of the fluid. The pH of the five highest concentrations of aluminum chloride was an exception; owing to the hydrolysis of the salt, the pH was as low as 4.1. However, since these concentrations were usually beyond the end points of the experiments, the lower pH did not affect the experimental results.
Pyrex tubes (100 by 13 mm) were used. Prior to use, the tubes were soaked in potassium dichromate-sulfuric acid cleaning solutions for at least 48 hr. They were rinsed 12 times with distilled water. A 1-ml portion of each of the nine dilutions of the five chloride solutions (cesium, potassium, sodium, lithium, and aluminum) was placed in each of the cleaned and dried Pyrex tubes. A control tube for each yeast strain contained 1 ml of deionized water. To each series of ten tubes, 0.2 ml of a yeast suspension with an optical density of 1.5 was added. The tubes were stoppered with no. 3 corks to reduce evaporation and shaken to mix the contents; the contents were then allowed to settle for 18 hr at 4 C. The tubes were then placed in a water bath (37 C) with forced circulation for 15 min. Next, the readings of these tubes were taken by tilting the tubes for 10 sec at an angle of 15°to the horizontal, and observing whether yeast cells had formed a fixed pellet, a flowing pellet, or a shield on the bottom of the tubes. b Washburn (1909) . c Robinson and Stokes (1955) . Values include the hydration of the chloride ion.
d Robinson and Stokes (1955) . The values for the cesium, potassium, aluminum, and chloride ions were calculated by the authors of this paper.
e Barnartt (1953) . Values include the hydration of the chloride ion.
f Samoilov (1957) .
a Kaminsky (1957) . Cs+ at 25 C, the other ions at 37 C.
Wickerham's nitrogen base medium. We have no information as to the effect of L-methionine on the sedimentation index of this strain.
Effect of salts. If the relative values of the salts with respect to those obtained with sodium chloride are considered, the concentration of AND FEREN J. BACTERIOL.
cations required to detect an identical hydrophobicity of cells decreases in the order: cesium, lithium, potassium, sodium, and aluminum (Table 2 ). This order more nearly coincides with the compressibility method for estimating the water of hydration of the cations than with the other methods. The values for estimating the hydration of the cations by the different methods are given in Table 3 . It is apparent that there is great disparity from one method to another, but the order is similar in most of them. The set of hydration numbers obtained by the compressibility method (Barnartt, 1953) (Robinson and Stokes, 1955) . The sedimentation pattern end points, calculated as the average of the relative ratios for all yeasts, and the compressibility hydration numbers with their relative values are given in the first three lines of Table 4 . The inverse relationship between the hydration numbers and the sedimentation pattern experimental results is now readily apparent. This inverse relationship may be changed to a direct one by calculating the reciprocals of one of the two sets of relative values. The reciprocals of the compressibility hydration numbers relative to sodium chloride are given in line four of Table 4 .
Another method of expressing the salt effect is by the assignment of a hydrophobic intensity number to the salt concentration required to cause the fixed pellet. A hydrophobic intensity scale may be prepared by ascertaining the salt concentration to form a fixed pellet for the most hydrophilic situation; then this value is divided by its own ionic concentration or one required for a more hydrophobic situation.
As an example, if H. holstii cells are grown in L-proline, 57 ,.moles of sodium chloride are required to form a fixed pellet. The hydrophobic index is 1. Cells of H. anomala grown in proline require only 0.4 ,umole of saline for pellet fixation. The hydrophobic index for H. anomala in this circumstance is: (57/0.4) = 128. With this scheme, the information shown in Table 5 may be given.
The mechanism by which the cations influence the sedimentation patterns of these yeasts is unknown. It is in some manner related to the cations in the same general relationship as are their water of hydration numbers. Evidence developed in this study indicates that the same mechanism applies to all the yeasts tested. Hedrick (1960) suggested that one possible mechanism for the action of sodium chloride upon the detection of relative hydrophobicity of a variety of Hansenula yeasts was the competition of the ions for water for hydrating the salt ions. This mechanism is probably not the correct one because of stoichiometric considerations.
Permeability of the cell membranes by the cations is not a factor, as the washed-cell walls of H. subpelliculosa Y1542 cells grown in phenylalanine and glutamic acid gave sedimentation patterns identical to those of whole cells of this species grown in these amino acids.
The mechanism is not directly correlated with agglutination or clumping of cells, as Hedrick (1960) reported that cells of H. ciferrii Y1031 which had 8 X 104 agglutinated clumps per ml in all the tubes of sodium chloride suspensions did not form shields until the salt concentration was 250 ,g/ml. H. anomala Y365 had no clumps in any of the tubes; yet, cells of this species formed shields in all tubes except the control tubes. Irrespective of the true mechanism, it provides a very sensitive method for detecting small differences upon the surfaces of microbial cells.
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